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Accidental ingestion of food allergens: A nationwide survey of Japanese nursery schools
To the Editor,
The accidental ingestion of food allergens is an important problem in preschool-aged children with food allergy (FA). 1 However, reports regarding accidental ingestion in nursery school children are limited.
This nationwide questionnaire-based survey determined the incidence of accidental ingestion in this population and identified the associated risk factors.
Data were gathered using a nationwide questionnaire survey 2 dispatched by post to all childcare facilities in Japan (Table S1 ).
Accidental ingestion was defined as unintended accidental allergen exposure leading to allergy symptoms. Data were expressed as n (%) or means (standard deviation). This study was approved by the ethics committee of Jikei University. The detailed methods of the survey administered to nursery schools, and the regulations in Japan are described in Appendix S1.
Questionnaire responses were received from 15 722 (48.8%) of 32 210 institutions. A total of 1 390 481 children were enrolled in the survey ( Figure S1 ). Among 51 531 children with FA, 408 and 5317 were excluded owing to missing data and nursery center information, respectively. Finally, 45 806 children with FA met the inclusion criteria; their characteristics are shown in Table 1 . The mean age of the children was 2.3 ± 1.6 years (median: 2.0 years).
Egg allergy was the most common FA (74.8%). A person accountable for FA was identified in 65.6% of nursery schools. Adrenaline auto-injectors (AAIs) were prescribed to 5123 (11.2%) children, 1154 (2.5%) of whom brought them to their nursery school. Of 4853 children with a history of anaphylaxis, 1450 (29.9%) had been prescribed AAIs, 784 (16.2%) of whom brought them to their nursery school.
Overall, 3497 (7.6%) children had experienced accidental ingestion with symptoms in the current fiscal year, 44 (0.1%) of whom required hospitalization. Only, 11 children (0.02%) had used an AAI in their nursery school. Data on symptom severity were obtained from 2113 children, but were unknown in 2155 children. Severe (requiring hospitalization), moderate (requiring doctor treatment), and mild symptoms (not requiring treatment) were observed in 44, 303 and 1766 children, respectively. There were no cases of mortality.
Significant associations with accidental ingestion were observed for sex, age, history of anaphylaxis to causative food, milk allergy, wheat allergy, fish allergy, number of eliminated foods, number of children in the nursery center, and the absence of a person accountable for FA ( Table 1 ). The incidence of accidental ingestion was highest in children younger than one year of age (9.7%) and gradually decreased with age (P-value for trend: <0.001; Figure S2 ). Larger facilities with more children had a lower incidence of accidental ingestion, while the incidence increased in smaller nursery schools (P-value for trend: <0.001; Figure S3 ).
The factors significantly associated with accidental ingestion were assessed for crude odds ratios (ORs) and adjusted ORs (aORs; Table 2 ). These factors were categorized as related to either children (Table S2 ).
Our study covered two-thirds of preschool children who attend nursery school in Japan (Appendix S1). While few children were prescribed AAIs, only one-fifth of these children brought them to nursery school. Our results indicated that younger children had a TA B L E 1 Characteristics of the children with food allergy and the nursery centers Note: Odds ratio of "age"; per one-year increase. Odds ratio of "number of eliminated foods"; per one-item increase. Odds ratio of "total number of nursery school children"; per 10-fold increase. Abbreviations: CI, confidence interval; OR, odds ratio. a OR was adjusted using the significant variables in Table 1 : sex, age, history of anaphylaxis to causative food, milk allergy, wheat allergy, peanut allergy, fish allergy, number of eliminated foods, total number of children in nursery centers, and the absence of a person responsible for managing food allergies.
greater risk of accidental ingestion. Younger children are more likely to share another child's meal, as indicated in our previous report in which 16.9% of nursery school children shared meals with other children. 2 Male sex was also a risk factor, which may be due to gender differences in infant behavior, 3 although further study is required to determine the cause of this finding.
A history of anaphylaxis to causative food was also a risk factor for accidental ingestion. This finding is supported by those of another study. 4 Our results indicated that milk, wheat, and fish allergies were major risk factors for accidental ingestion. These are the second, third, and ninth most common allergens in Japan. 5 Other studies have indicated that cow's milk, but not wheat, is a common cause of anaphylaxis in preschool children in Europe. 6 Wheat allergy is a primary cause of anaphylaxis in Japan. 5 Wheat allergy may be more common in Asian countries than in European countries and in the United States. 7 The prevalent allergens differ between countries partly due to differences in the foods commonly consumed. 8 Fish products are used in traditional Japanese seasoning in many meals and are difficult to eliminate from all foods in Japan. For example, "dashi" stock is commonly used to flavor food both at home and in schools. This may lead to a higher incidence of an accidental ingestion of fish. Similarly, the number of eliminated foods was a risk factor for accidental ingestion only in the univariate analysis in our study; it may be more difficult to prevent accidental ingestion in schools because the staff would need to eliminate more causative foods.
School staff should be trained to respond appropriately to accidental ingestion. 9 Among factors related to nursery schools, the absence of a person accountable for FA was an independent risk factor in the present study. 
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